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YIELD STRUCTURE OF SPRING BARLEY (HORDEUM VULGARE L.) 
MUTANTS CHARACTERIZED BY INCREASED LYSINE CONTENT 

IN GRAIN! 
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Summary. As a result of a mutagenic action of MNU and sodium azide, mutants 

with ap increased lysine content in grain have been obtained. Three out of the obtained 

mutants, 1017, 1001 and C-67-7, as well as their initial varieties Diva, Hevilla and Cełb-1 

were used for the analysis of the yield structure traits. Standard forms in the present stu- 
dies were an intensive and high-productive cultivar Aramir, a high-lysine mutant Risa 
1508 and the initial form Bomi, as well as a high-lysine, naked-grained form Hiproli. 

The performed analysis of traits of the seed yield structure in mutants showed that 
mutants do not exceed either the initial forms or a high-productive cultivar Aramir in tha 

seed weight per surface unit. A decrease in productivity of high-lysine mutants was mainly 

caused by a worse development of seeds, which was pronouncedly expressed in a lower 

1000-seed weight. In turn, a decrease in the seed weight and size was caused by a worse 

filling of the grain endosperm. 

No marked dependence was found between the increase of lysine content and 

parameters of yield structure. The best fertility among mutants was characteristic of mu- 

tant 1017, which however, had a lower lysine content than mutant Riso 1508. The seed 

yield of mutant 1017 was 95.2% of that of the initial cultivar Diva. 

Summing up the obtained results, it may be inferred that until the program of 

improving seed productivity of high-lysine mutants is not solved, probably by inclusion 

of mutants in the recombination breeding program, their importance for agricultural prac- 

tice will be negligible. 

Alongside such fundamental requirements to newly released varieties of spring 
barley, such as high seed yield and high yielding (determined also by resistance to 

disease, lodging and so on), the problem of a large protein quantity and improvement 

of its amino acid composition is becoming more and more important (Gaul et al. 
1978, Ulonska et al. 1973, 1975; Krausse et al. 1974; Walther et al. 1975; 

Walther et al. 1975). The discovery of a relationship between high contents of 
lysine and tryptophan and the presence of Opaque-2 gene in maize (Mertz et al, 

1964) has started investigations aimed at the obtaining of high-lysine genotypes in 
Other cereals, such as sorghium (Singh 1973) and barley (Munck et al. 1970, 

Bansal 1970). 
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Investigation work on the improvement of the protein quality in barley was 
based chiefly on the inclusion of genes of high lysine contents in to high-lysine geno- 
types using recombination breeding (Hagberg 1970, Brunckhorst 1972, Muench 
1972, Price 1972) and artificial induction of mutations (Bansal 1970, Doll 1972). 

At present there exists a significant number of mutants characterized by a high 
lysine content. It is a surprizing fact that despite a fairly large number of such 
forms, they are little used in agricultural practice. In this paper we focused our 

attention on the study of the yield structure as a basic element, which determines 
practical value of high-lysine genotypes in spring barley. 

MATERIAL AND METHODS 

The investigation material consisted of three mutants of spring barley designated 
1001. 1017 and C-67-7 and obtained by us during 1974 - 1979 as a result of MNU-and 
AS-treatment of seeds of two cultivars (Hevilla and Diva) and the breeding strain 

Celb-4. Mutants were selected using DBC procedure (Mossberg 1969) and then, — 

an automatic analysator of amino acids. The protein content was estimated by 

Kjeldahl’s method on Kjel-Foss machine. 

Standard forms in our studies were: Danish mutant Rise 1508 (Doll 1972, 1975) 

and its initial form Bomi, primitive Ethiopean high-lysine form Hiproli (Hagberg, 

Karlsson 1969) and the cultivar Aramir extensively cultivated throughout Poland. 

Traits cf the yield structure in the mentioned forms were estimated on the basis 

of results obtained from field experiments of the Institute of Plant Genetics, Polish 

Academy of Sciences in 1981 - 1982. Seeds were sown in random block design with 

three replications — 300 seeds spaced 103 em per 1 m? plot. The collected plants 

were examined from the viewpoint of the following traits of yield structure: seed 

weight per plot, number of spikes per plot, 1000-seed weight and the weight and 

number of seeds per spike. 

The obtained results were statistically treated, calculating means, standard de- 

viation, mean standard error, variation coefficient, confidence intervals and extreme 

values of Xmin and Xmax. In order to evaluate the importance of the yield traits of 

mutants in comparison to the cv. Aramir, they were estimated by the method of 

testing contrast significance in the multivariate analysis of variance. On the basis 
of canonical variables the mutants and their initial forms were graphically distri- 
buted in a plane as two canonical variables. To determine the degree of similarity 
between individual mutants and their initial forms Mahalanobis’s distances were 

calculated (Calinski et al. 1975). 

RESULTS 

Table 1 presents characterization of the studied mutants and cultivars with re- 
gard to the contents of lysine, arginine and histidine. It shows a wide differentiation 
in the contents of the studied amino acids between the mutants and their initial 
forms. Though lysine content in the obtained mutants is inferior to that of the
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mutant Risg 1508, an increase in lysine content is visible and amounts to 105.1% 
in mutant 1001 and 109.2% in mutant 1017 and 116% in C-67-7 of lysine content 

of their initial forms. Though the mutant C-67-7 was found to have a high 
lysine content (4.72%) in relation to the initial form, its increase constitutes 16.8% 
mainly due to a high content of that amino acid in the initial strain Celb-4. Lysine 

content in the seeds of the mutant C-67-7 is nearly 25% higher than that in the 

Table 1. Contents of basic amino acids in the seeds of barley mutants, initial and standard 

forms (amino acid content is expressed in per cent of protein content) 

  

  

  

  

  

              

Amino acid content 

Lysine | Histidine Arginine Per cent Per cent 
Forms ‘ of lysine 

in % of in % of in % of | OF BAA* | | nage 
Mean |... mean |. ,,, mean |... in 

initial form initial form initial form 

Bomi cv. (standard) 3.80 100 3.03 100 5.37 100 | 12.2 31.14 

. 1508 mutant (standard) 5.54 145.5 3.27 107.9 6.38 118.8 | 16.9 36.47 

Hevilla cv. 3.85 100 1.84 100 5.23 100 10.9 35.25 

1001 mutant 4.05 105.1 2.20 119.5 5.40 | 103.2 11.6 34.76 

Diva cv. 3.90 100 2.97 100 4.97 | 100 11.8 32.90 

1017 mutant 4.26 109.2 1.79 60.2 6.55 | 131.7 12.60 33.80 

Celb-4 cv. 4.04 100 2.03 100 5.03 100 11.1 36.36 

' €-67-7 mutant 4.72 116.8 2.39 117.7 6.11 121.4 13.2 35.70 

„ Hiproli cv. (standard) 4.64 — 2.40 — 5.37 — 12.4 37.38 
      

* Basic Amino Acid 

_ ev. Bomi. Regarding the remaining basic amino acids (except a decrease in histidine 
content in the grain of mutant 1017) all other mutants were found to have higher 
contents of both arginine and histidine in comparison with the initial forms. Of par- 

ticular interest is a high increase in arginine content in mutants C-67-7 and 1017 

as compared to the cv. Diva and strain Celb-4. 

The applied BAA index (the sum of basic amino acids) indicates the superiority 
of mutant 1508 in this respect and a high quantity of basic amino acids in the 

grain of mutant C-67-7, higher than that in Hiproli. None of the mutants exceeds 

Hiproli if we take into account the percentage share of lysine in BAA. 
Table 2 presents characterization of the studied material as a result of the ana- 

lysis of their yield structure covering also the standard cultivar Aramir. The obtained 
results clearly show a higher seed yield of the cv. Aramir, which is associated with 
its very intense production tillering (693 spikes per 1 m?) and a high 1000-seed 
weight. As far as all initial cultivars are characterized by a similar level of the seed 

yield (seed weight per 1 m? is within 609 - 693 g), to that extent mutants are cha- 
racterized by a wide variation range of all the studied traits. Data contained in 
Table 3 permit to infer that the trait displaying the widest variation range among 

mutants is the seed weight per 1 m?, which constitutes an exponent of the relation 
between the remaining traits (values of variation coefficients). Coefficients of the 

remaining traits are similar, a low coefficient for the grain number per spike indi- 

cates a low variation range of that trait. 

High values of the variation coefficient reflect in very wide intervals of the ex- 

_ treme values of Xmin and Xmax. If these values are 609 - 693 g for the seed weight
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Table 2. The mean values of the studied traits of yield structure of mutants, initial and stan. 
dard forms 

  

Traits of yield structure 
  

  

Forms seed weight spike number 1000-seed seed weight seed number 

per 1 m* (g) per 1m? weight (g) per spike (g) per spike 

Aramir cv. (standard) | 693.0 693.0 45.8 0.90 19.8 

Bomi cv. (standard) 615.0 517.0 46.7 1.10 24.0 

1508 mutant (standard) | 538.3 584.0 41.5 0.93 22.3 

Hevilla cv. 636.0 541.0 51.7 1.17 22 6 

1001 mutant 454.3 461.0 35.0 0.99 234 

Diva cv. 609.0 590.0 46.8 1.05 22.8 

1017 mutant 580.0 629.0 | 36.0 0.91 25.3 
Celb-4 cv. 681.0 592.0 45.1 1.12 24.0 

C-67-7 mutant | 248.6 408.0 28.7 0.60 20.9 
Hiproli cv. (standard) 167.3 315.0 28.6 0.53 17.2         
    

Table 3. Characteristics of the variation of the traits of yield structure of mutants, initial and 
standard forms 

  

  

  

  

| Standard Mean Variation Confidence | 

Traits | Mean | deviations | standard | coefficient intervals Kes | Kass 
| error | | 

Seed weight per im? (g) | 504.2 180.0 | 60.33 | 35.89 | 367.76 640.76 | 167.3 | 681.0 
Spike number per 1m? 517.0 102.8 34.28 | 19.89 439.40 594.56 315.5 629.8 
1000-seed weight (g) | 400 | 8.2 2.7 | 20.48 33.80 46.27 23.8 51.7 
Seed weight per spike (g) | 0.93 | 0.23 0.07 | 24.62 0.76 1.10 0.53 1.17 

Seed number per spike | 23.0 | 3.07 1.02 | 13.38 20.68 25.31 17.20 | 28.4 
Protein content (%) 15.33 | 2.58 0.86 | 16.85 13.38 17.28 13.40 | 212 
  

per 1 m? in cultivars, they are 167 - 580 g for mutants pronouncedly indicating 

a decline in the seed yield of mutants with an increased lysine content. 

When testing contrast significance in the multivariate analysis of variance 
(Table 4), it was found all the mutants significantly differ from the ev. Aramir in 

a negacive sense from the breeding viewpoint regarding the traits — the seed weight 

and their number per 1 m?. With regard to the three other traits of the yield struc- 
ture significant contrast values in a positive for the breeder direction were obtained 

mainly in the initial cultivars and rarely — in mutants. An exception here is the 

Table 4. An estimate of contrasts between the standard cv. Aramir and studied forms for 

traits of the yield structure 

  

  

  

\ Contrast values 

Forms seed weight spike number 1000-seed seed weight seed number 

per 1m? (g) per Im? weight (g) per spike (g) per spike 

Bomi cv. (standard) 78.00 175.60* — 0.93 — 0.20* — 4.13* 

1508 mutant (standard) 154.66* 108.73* 4.337 0.03 —2.50* 

M-1001 mutant 238.83" 231.83* 10.80* 0.09 —8.63* 

Hevilla cv. 56.33 151.56" — 5.90* — 2.66% —2.80* 

M-1017 mutant 112.33* 63.16 9.76* — 0.06 —6.34* 

Diva cv. 84.00 163.00 — 1.03 —0.14* — 2.46% 

€-67-7 mutant 444.33* 284.06* 17.06** 0.30% —1.10 

Celb-é cv. 12.00 100.36 0.70 — 0.22 — 4.20* 

Hiproli cv. (standard) 525.66* 377.73 17.23* 0.37* 2.66%           
  

- 

* significance at u==(,05
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trait of the seed number per spike. The highest significant contrast values of the 
seed weight per 1 m? were obtained for mutants C-67-7 and the form Hiproli, which 
indicates that a decrease of the seed yield in these forms is the largest. Regarding 
the trait of the seed weight per 1 m2, mutant 1508 and particularly mutant 1017 
differ from the cv. Aramir the least. 
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_ Fig. 1. Configuration of mutants and their initial formis in the two first canonical variables 

1 — Aramir (standard), 2 — Bomi cv. (standard), 3 — Mut. 1508, 4 — Mut. 1001, 5 — Hevilla cv., 6 — Mut. 1017, 7 — Diva 
cv., 8 — Mut. C-67-7, 9 — Celb-4 (standard), 70 — Hiproli cv. (standard) 

Analysing the position of individual objects in the system of the first canonical 
variables (Fig. 1), it may be noticed that alongside a distinct concentration of points 
determining individual cultivars (numbers in figure: 5, 2, 9, 7, 1) in respect to a com- 
plex of the yield structure traits, another more spacious position of points is charac- 
teristic of high-lysine mutants and the form Hiproli (number in figure: 4, 6, 8, 10). 
An intermediate form, dividing these two groups is mutant 1508 (in figure 3), which 
is indicative of its significant similarity to cultivated varieties with regard to a com- 
plex of the yield structure traits. The most extreme position of mutant C-67-7 and 
Hiproli (numbers in figure 8, 10) indicates their smallest similarity to cultivated 

varieties in respect of the studied traits. 

Comparing Mahalanobis’s distances of the analysed objects (Table 5), it was 

displayed that with regard to the studied traits of yield structure mutants 1017 and 
Risg 1508 differ from their initial forms the least (Table 5, I). Taking into account 
a small differentiation of cultivars between each other (Table 5, II) with regard to 

a complex of the yield structure traits, these result are markedly in contrast with 
_ the values of Mahalanobis’s distances obtained from the comparison of mutants
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Table 5. An estimate of similarity regarding the studied traits of yield 

  

  

structure between: mutants and their initial forms — I, initial forms 

and standards — II, mutants and standards — III, expressed in Ma- 

halanobis’s distances 

| II 

т 17 - - 
Mahalanobis's | Studied forms 

10 - distance | 1 2 5 7 
oy 2 3.40 

9 4 ` 5 4.27 2.48 

7 3.06 3.00 2.98 
8 4 9 3.49 3.46 3.80 2.90 

  

FP. 1 — Aramir cv. (standard) 

4 2 — Bomi cv. (standard) 

6 J 5 — Hevilla cv. 

Г] 7 — Diva cv. 

9 — Celb-4 (standard) 
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7 - distance 18.4 6 8 

4 5.38 

6 3.74 3.20 

8 7.76 8.75 8.06 

10 11.23 13.7 12.60 5.72 
  

— mutant 1508 (standard) 

— mutant 1001 

mutant 1017 

— mutant C-67-7 

— Hiproli cv. (standard) 
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with each other (Table 5, III). Particularly interesting is a high degree of similarity 

concerning yielding between mutant 1508 and mutant 1017 (a low value of Mahala- 

nobis’s distance — 3.74). This confirms a high usefulness of mutant 1017 obtained 

by us for further breeding practice. 

DISCUSSION 

Owing to application of various mutagenic agents many high-lysine barley mu- 

tants have been obtained in the world (Bansal 1970, Doll et al. 1974, Balaravi 

1976, Di Fonzo et Stanca 1977, Nigmatullin et al. 1977). Despite a large 

number of high-lysine genotypes at the disposal of breeders, their use in agricultu- 

ral practice is still negligible. In this connection we have decided to examine some 

of the traits of mutants obtained by us in 1974 - 1978, limiting the useful value of 
these mutants. These traits are undoubtedly those involved in the structure of seed 

yield. !
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We displayed that all lysine mutants are characterized by a decrease of traits of 
the yield structure. Ingversen (1972) and Doll (1974) also displayed reduction of 
grain yield of lysine mutants in comparison with their initial forms. Testing high- 
-lysine mutants Rise 29, Rise 86 and Risa 56 with an increased lysine content by 
15, 15 and 20%, respectively, Ingversen et al. (1972) found a clear decline in their 
productivity amounting to 87, 81 and 77%, respectively, of the seed yield of 
their initial cultivar Calsberg IT. None out of 12 mutants with an improved lysine 
content from several to 35% (Doll 1975) exceeded the initial forms in the 
seed yield. i 

Analysing the fertility of the mutants obtained by us, we did not find any ex- 
ceeding the fertility of its initial variety. If the seed yield of mutant Riso 1508 was 
77.6% of that of the cv. Aramir and 87.5% of the initial form Bomi, the yield of 
mutant 1017 was 83.5% of Aramir’s yield and 95.2% of the yield of the initial ev. 
Diva. However, mutant 1017 is characterized by a lower lysine content than mu- 
tant 1508. 

The analysis of individual traits of yield structure made it possible to determine 
the main cause of a decline in mutant fertility. That was a worse development of 
seeds, which is indicated first of all by a decrease in the 1000-seed weight. Though 
some mutants (1001, 1017) exceed the cv. Aramir with regard to the grain number 
per spike, a decline in the 1000-seed weight was so pronounced that the seed vield 
of mutants per 1 m*® was lower. Analysing the yield of a number of lysine mutants, 
Doll (1975, 1978) showed that the grain yield decline in mutants is closely related 
with a decrease in the seed size and weight. A low fertility may be also related with 
a pleiotropic effect of genes of high lysine content in these mutants. It may be sug- 
gested that mutations leading to a higher lysine content are related with a decrease 
of the ability to accumulate reserve substances in seed, thus affecting a reduction 
in the seed weight. Doll, Kgie (1978) showed that lysine mutants have an altered 
chemical composition of seed and that this concerns first of all sugars. It was also 
found that reduction in the seed weight of mutants 1508 and 29 is the effect of a 
strong reduction in starch accumulation. Kreis et al. (1978) revealed significant 
enzymatic deficiencies by the synthesis of simple sugars to starch. When making 
a morphological estimation of seeds from the mutants obtained by us, it was obser- 
ved that part of the seed with endosperm, the basic reserve part of which are starch 
grains, was noticeably not filled. 

One of the basic problems, which determine the useful value of barley mutants 
with an increased protein content is the existence of a negative correlation between 
the protein content and seed yield (Scholz 1971, 1975; Favret et al. 1969; Ibra- 

him et al. 1966). This raises a question whether such a relationship occurs in quali- 
_ tative protein changes. Our studies point out rather to a lack of evident relations- 
hip between these traits. The yield of mutant 1017 characterized by a moderately 
high lysine content is 20% higher than that of mutant 1001 with a lower lysine con- 
tent. Doll et al. (1974) revealed no dependence between an increase in lysine content 
and seed yield, which is proved by the fact that mutant 1508 with a higher lysine 
content was one of mutants characterized by a higher seed yield. The above results
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incline us to infer that the problems of improvement of protein quality, on retention 
of efficient fertility, may be difficult to solve like the problem of improvement 
of protein content on retention of a high yielding capacity. 

On the basis of the obtained results it may be inferred that the share of high- 
-lysine mutants in agricultural practice depends on the improvement of their ferti- 

lity. Until this problem has not solved, the value of high-lysine mutants from the 
utilitary point of view will be negligible. The studies of Dol] (1974), which displayed 

a higher grain yield of lines originating from crosses of high-lysine mutants with the 

cv. Calsberg II point out that it is possible to improve some unfavourable useful 
traits of mutants and to make high-lysine lines obtained in that way competitive in 

relation to normal cultivated varieties, if a corresponding method of the use of lysine 
mutants in recombination breeding has been worked out. 
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STRUKTURA PLONU MUTANTOW JECZMIENIA JAREGO (HORDEUM VULGARE L.) 

CHARAKTERYZUJACYCH SIE PODWYZSZONA ZAWARTOSCIA LIZYNY W ZIARNIE 

\ 

Streszczenie 

W wyniku mutagennego działania MNU i azydku sodu uzyskano mutanty charakteryzujące 

się podwyższoną zawartością lizyny w ziarnie. Trzy z uzyskanych mutantów: 1017, 1001 oraz 

C-67-7 i ich odmiany wyjściowe Diva Hevilla i Celb-4 posłużyły do przeanalizowania cech 

struktury plonu. Jako formy standardowe włączono do badań wysokoplenną odmianę Aramir, 

wysoko lizynowego mutanta Riso 1508 i formę wyjściową Bomi oraz wysokolizy nową nago- 

ziarnistą odmianę Hiproli. 

W wyniku przeprowadzonej analizy cech struktury plonu nasion mutantów wykazano, że 

pod względem masy ziarn z jednostki powierzchni mutanty nie przewyższały form wyjściowych, 

ani wysokoplennej odmiany Aramir. Obniżenie plenności mutantów wy sokolizynowych było 

spowodowane głównie gorszym wykształceniem ziarna o wyraźnie niższej masie 100U ziarn. 
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Obniżenie masy i wielkości ziarniaka spowodowane było gorszym wypełnieniem części endo- 
spermowej ziarna. 

Nie znaleziono wyraźnej zależności między wzrostem zawartości lizyny a parametrami 

struktury plonu. Najlepszą wśród mutantów plennością ziarna charakteryzował się mutant 

1017, który miał jednakże niższą zawartość lizyny aniżeli mutant Rise 1508. Mutant 1017 plono- 

wał na poziomie 95,2%, plonu ziarna odmiany wyjściowej Diva. 

Reasumując uzyskane wyniki, należy stwierdzić, że dopóki problem poprawy plenności 

ziarna mutantów wysokolizynowych nie zostanie rozwiązany na drodze hodowlanej (być może 

przez włączenie mutantów w programy hodowli rekombinacyjnej), dopóty ich znaczenie dle 

praktyki rolniczej będzie znikome. 

СТРУКТУРА УРОЖАЙНОСТИ У МУТАНТОВ ЯРОВОГО ЯЧМЕНЯ 

HORDEUM VULGARE L. 

ХАРАКТЕРИЗУЮЩИХСЯ ПОВЫШЕННЫМ СОДЕРЖАНИЕМ ЛИЗИНА В ЗЕРНЕ 

Резюме 

В результате мутагенного действия ММО и азида соды были получены мутанты с повышен- 

ным содержанием лизина в зерне. Три из полученных мутантов — 1017, 1001 и С-67-7, а также их 

исходные сорта П1уа, НеуШа и СеЪ-4 были использованы для анализа признаков стуктуры уро- 

жайности. Стандартными формами в настоящих исследованиях были: интенсивный и высоко- 

-продуктивный сорт Агапог мутант Влз6 1508 с высоким содержанием лизина и исходная форма 

Bomi a также форма Н1ргой с высоким содержанием лизина и имеющая беспокровное зерно. 

Проведённый анализ признаков структуры урожайности зерна у мутантов показал, что му- 

танты не превыптают а не исходных форм, а не высоко-продуктивного сорта Aramir B весе зерна. 

на единицу поверхности. Сокращение продуктивности мутантов с высокими содержанием лизина. 

было вызвано главным образом худшим равитием зерна, что особенно ясно выразилось в низшим; 

весе 1900 зерён. В свою очередь, уменьшение веса и величины зерён было вызвано худшим наполне- 

нием эндоспермы зерна. Не обнаружено зависимости между взростом содержания лизина и пара- 

меграми структуры урожайности. Наилучшей плодородностью среди мутантов отличался мутант 

1017, который, однако, имел низшее содержание лизина, чем мутант Riso 1508. Урожай зернй му- 

танта 1017 составлял 95,29% урожая исходного сорта Diva. 

Суммируя полученные результаты, можно заключить, что пока не будет разрешена программа 

улучшения продуктивности зерна у мутантов с высоким содержанием лизина, возможно путём 

включения мутантов в программу рекомбинационной селекции, их значение для сельскохозяйствен- 

ной практики будет незначительно.


